We present gauge theory completions of Wess-Zumino models admitting supersymmetry breaking vacua with spontaneously broken R-symmetry. Our models are simple deformations of generalized ITIY models, a supersymmetric theory with gauge group Sp(N), N+1 flavors plus singlets, with a modified tree level superpotential which explicitly breaks (part of) the global symmetry. Depending on the nature of the deformation, we obtain effective O'Raifeartaigh-like models whose pseudomoduli space is locally stable in a neighborhood of the origin of field space, or in a region not including it. Hence, once embedded in direct gauge mediation scenarios, our models can give low energy spectra with either suppressed or unsuppressed gaugino mass.
Introduction
A large class (but not all) of dynamical supersymmetry breaking (DSB) models, either with stable or metastable vacua, can be described at low energy by effective Wess-Zumino models where supersymmetry is broken at tree level, the original O'Raifeartaigh model being the prototype such example. For this reason, in the last few years a renewed attention has been devoted to study general properties of O'Raifeartaigh-like models.
According to the Nelson-Seiberg criterion [1] a necessary condition for supersymmetry breaking is the existence of a R-symmetry in the Lagrangian, if the superpotential is generic. Indeed, most O'Raifeartaigh-like models typically have a U (1) R symmetry. This may pose a phenomenological problem since gaugino (Majorana) mass terms break the R-symmetry. Hence, one would like also the R-symmetry to be broken in the vacuum, in viable supersymmetric extensions of the Standard Model. The original O'Raifeartaigh (O'R) model, as well as many of its generalizations, does not have this property: while there always exists a pseudomoduli space at the classical level [2] , after quantum corrections are taken into account the supersymmetry breaking vacuum is stabilized at the origin of field space where the R-symmetry is preserved. The situation does not automatically improve if one accepts we live in a metastable vacuum. In these situations, one does not need an exact R-symmetry to be present. However, it turns out that models of this guise often possess an approximate R-symmetry which is unbroken in the metastable vacuum. For instance, this is the case for the ISS model [3] .
It is then a natural question to ask under which general conditions an O'R model can have supersymmetry breaking vacua where also the R-symmetry is spontaneously broken. This was answered in [4] where it was shown that a necessary condition for this to happen is to have in the theory chiral superfields with R-charges different from 0 or 2 (this being instead the case for e.g. the original O'Raifeartaigh model) 1 . In these models quantum corrections can stabilize the pseudomodulus at a non-vanishing VEV, hence breaking the R-symmetry spontaneously.
The very reason to ask for vacua with broken R-symmetry is to allow for gaugino mass terms. However, when looking for viable extension of the Standard Model, this is not enough to ensure gaugino to sfermion mass ratios of order one. The reason can be summarized as follows [7] . A generic O'Raifeartaigh model can always be put in the form
where i = 1, . . . , r, and ... denote possible cubic terms involving Φ i superfields, only [2] . Supersymmetry is spontaneously broken at tree level along the one-dimensional pseudomoduli space parametrized by the field X with Φ i = 0. Notice that X has R-charge equal to 2. Using R-symmetry arguments one can show [8] that the following formula holds
where n ≥ 0 is an integer and G(M, N ) is some function of the couplings.
There is a sharp distinction in the nature of the pseudomoduli space between models with n = 0 and n > 0. In the former case det M = 0 and det N = 0, and the pseudomoduli space is classically locally stable in a neighborhood of the origin (at least). Models of this kind have been dubbed type I in [8] . When n > 0, det M = 0 and the pseudomoduli space is locally stable only for |X| > X min , for some non-vanishing X min . Models of this kind can be further divided in two subclasses, depending on whether det N = 0 (type II) or det N = 0 (type III). In the latter case the stability region is bounded from above, too, i.e. X min < |X| < X max . In the following we will adhere to this terminology.
Phenomenologically, the distinction between models with n = 0 and n > 0 is even sharper: when models as (1.1) emerge as low energy descriptions of some hidden sector and (a subset of) the fields Φ i play the role of messengers in a gauge mediation scenario, the leading order expression for gaugino masses is [9] 
From eq. (1.2) it follows that models with n = 0 have suppressed gaugino to sfermion mass ratios, since the contribution (1.3) vanishes. On the contrary, having n > 0 is a necessary condition for unsuppressed gaugino masses.
In this sense, O'R-like models with n > 0 are possibly the most interesting ones, from a phenomenological view point, and it would be desirable to find realizations for such theories as effective DSB models (as well as a guiding principle towards their construction). The aim of this paper is to accomplish this task.
Summary of results
The models we propose are simple deformations of DSB theories with quantum deformed moduli space, the prototype example being the ITIY model [10, 11] , a supersymmetric SU (2) gauge theory with 2 flavors plus singlets. Our strategy is similar to the one recently pursued in [12] (see also [13, 14] ), where a completion of a model with n = 0 and r = 3 has been proposed. Here we show that suitable deformations of ITIY models with gauge group Sp(N ) can provide completions of a large class of models with either n = 0 or n > 0, and arbitrary r. Hence, while providing DSB models which might serve as possible hidden sectors in a modular gauge mediation scenario, our models, once embedded into direct gauge mediation, can give, in principle, a soft spectrum with either suppressed or unsuppressed gaugino mass 2 .
In fact, the problem of getting R-symmetry breaking vacua has been addressed by many authors in the context of ISS-like models (see e.g. [16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27] ). One basic difference with our models that we would like to emphasize, is that in those constructions the R-symmetry of the UV theory is explicitly broken by mass terms, and an approximate R-symmetry emerges in the low energy effective theory. The latter is then spontaneously or explicitly broken thanks to suitable modifications of the original ISS Lagrangian. Here, we start instead from a gauge theory admitting a non anomalous R-symmetry, and this is hence the same R-symmetry enjoyed in the IR, which then happens to be spontaneously broken in the full theory.
The remainder of this paper is organized as follows. In section 2 we briefly review ITIY models with symplectic gauge groups and the mechanism by which supersymmetry gets dynamically broken. At low energy, these models reduce to O'R models with all fields having R-charges either 0 or 2, and hence unbroken R-symmetry. In section 3 we outline the general strategy one should follow in order to get at low energy O'R models with negative R-charges and n ≥ 0. Basically, this amounts to add tree level superpotential deformations which partially break the global symmetry of the original ITIY model (keeping, still, the UV theory generic and renormalizable). To make our discussion concrete, in section 4 we focus on a specific class of deformations and analyze the corresponding theory in full detail, showing explicitly how our strategy works. As DSB models, our models are uncalculable, in the sense that there does not exist a region of the parameter space where Kähler corrections can be computed exactly, as much as the original ITIY model. However, following [28] , we show there exists a region of the parameter space where uncalculable Kähler corrections are suppressed with respect to those coming from the one loop effective potential. Remarkably, this region coincides with that for which the lifetime of the supersymmetry breaking vacua is parametrically large, hence making the full construction self-consistent. Section 5 contains our conclusions, and an outlook on possible further investigations and potential applications. 2 Our deformations are similar in form to those considered in [15] . In that work the focus was on the existence of ISS-like metastable vacua in SQCD with quantum deformed moduli space (which that analysis could not confirm). In order to recover an ISS-like theory, the authors of [15] take a decoupling limit for all singlets of the parent (massive) ITIY model. In our models singlets are never completely decoupled, and include a classical pseudomodulus. Moreover, no mass term for the electric quarks is added. Therefore, our theory is different.
Review of generalized ITIY models
In this section we briefly review the structure of ITIY models with symplectic gauge group, following [28] . Let us consider a supersymmetric gauge theory with gauge group Sp(N ), F = N + 1 fundamental flavors Q i , i = 1, . . . , 2F , and an antisymmetric singlet S ij with tree level superpotential
which respects the SU (2F ) flavor symmetry. When λ = 0 the classical moduli space is parametrized by gauge invariant operators V ij = Q i Q j subject to the constraint PfV = 0. For λ = 0 the mesonic flat directions are lifted, and one is left with a moduli space spanned by S ij with V = 0. The modified constraint due to non perturbative gauge dynamics
is therefore incompatible with λ = 0 and supersymmetry is broken.
If λ S Λ, quarks are light at tree level and the low energy theory is rewritten in terms of the meson matrix V . The independent degrees of freedom are determined by solving the quantum constraint (2.2), and they can be identified with the fluctuations around a point of the quantum moduli space. At a generic such point the global SU (2F ) symmetry is broken to SU (2)
F , but there are submanifolds of enhanced symmetry. Since we want the chosen point to be the real (meta)stable minimum once the susy breaking mechanism is taken into account, we choose a point belonging to the compact submanifold of maximal symmetry Sp(F ) 3 , and solve the constraint in an expansion around it
where J is the Sp(F ) invariant tensor and V , S satisfy tr[JV ] = 0 = tr [JS ] . The factor of Λ in the definition above is to make the dimension of V 0 and V fields equal to one. The solution of the quantum constraint for V 0 in a small V expansion is
giving us the following low energy superpotential to quadratic order in V
where
Upon the identification S 0 ≡ X, (V , S ) ≡ Φ i we see that we get an O'R model of the form (1.1), with detM = 0, Sp(F ) × U (1) R global symmetry and all R-charges equal 0 or 2. The pseudomoduli space is hence stabilized at the origin of field space by the one loop potential. As discussed in [28] , these perturbative corrections are dominant with respect to uncalculable Kähler contributions at least near the origin of the pseudomoduli space, making the existence of the supersymmetry breaking minimum (which is a global one, in this case) reliable.
Modified ITIY models
In what follows we want to discuss which modifications one could make on the model described above to obtain more general O'R models at low energy. As already stressed, our goal is to obtain models with R-charges different from 0 and 2 and, possibly, with both n = 0 and n > 0. From general arguments [8] , we expect the supersymmetry breaking minimum to be at most metastable, as lower energy vacua are expected to emerge in these more general models. We will find indeed runaway vacua in the effective theories, which, as we will see, may or may not be real runaways in the full theory.
In this section we outline the general strategy one should follow in order to accomplish our task. In section 4 we will put our general recipe at work, focusing on some (classes of) models and discussing in an explicit example the full dynamics in detail.
As recently discussed in [12] , a simple way to obtain fields with R-charge different from 0 and 2 is to break the global symmetry and make the original anomaly-free R-symmetry to mix with some broken U (1) generator of the flavor symmetry group. To this end, one can add explicit symmetry breaking terms in the superpotential and/or reduce the field content of the theory. Suppose that in a way or another the global symmetry is broken according to the pattern
where G is a subgroup of the residual Sp(F ) around the enhanced symmetry point of the moduli space. Recall that V is in an irreducible representation of Sp(F ) which we denote by r and S is in the conjugate representationr = (r T ) −1 . Such representations split in irreducible G representations as
The two representations are also equivalent, hence each block in r decomposition is equivalent to a certain one inr decomposition. Since JV J is in the samer representation of S , the upshot is that the Sp(F ) invariant quadratic terms in the V and S fields are rewritten as
where contractions of the representations are understood, and the matrix C acts by swapping some couples of indices, i.e. it takes the form
with
By genericity, also the coupling λ must be split into k + 1 different couplings λ 0 , . . . , λ k . This introduces a first (trivial) source of explicit breaking and, naively, one could think this is enough to our purposes. So, as a first step, let us suppose that this is the only explicit breaking source. If we collect the fields S and V in a vector 6) and repeat the same analysis of the previous section, we end up at low energy with the following O'R model
whose mass and Yukawa matrices are
This corresponds, again, to a theory with detM = 0, detN = 0 and R-charges equal to 0 or 2 only. Hence, less trivial deformations are needed, to reach our goal.
Let us first notice that since R (S 0 ) = R(S 0 ) = 2, whenever a field V I enters the C 1 block, hence appearing quadratically in the Yukawa coupling, then R (V I ) = R(V I ) = 0 and R (S I ) = R(S I ) = 2. For such fields, once G and hence C are fixed, there is no possible definition of U (1) R allowing R charges other than 0 or 2, independently of possible deformations of the superpotential. As a consequence our deformations will focus on the C 2 block, only.
Let us suppose there exists an r I in the C 2 block with 1 ⊂ r I ⊗ r I 4 and let r J be the representation coupled to r I by C 2 . We consider two possible modifications of the ITIY theory:
(a) Give a (large) mass to the singlet S I by adding a superpotential term
The effect of this term is to make R (S I ) = R (V I ) = 1, R (S J ) = 3 and R (V J ) = −1. At low energy S I can be integrated out and a quadratic term for V I is generated
(notice that the mass of V I is smaller than Λ). This way, we get at low energy a O'R model having some field with R-charge different from 0 and 2. On the other hand, since the invertibility of the M matrix is not affected by the above deformation, we still have detM = 0 (and detN = 0). Hence, deformations of this type give models with n = 0.
(b) Perform deformation (3.9) for the index I and eliminate altogether the singlet S J from the field theory content. One can easily see that this modification gives a different theory with detM = 0, hence models with n > 0.
Notice that the same effect can obtained sending the coupling λ J → 0. This way, the field S J would remain as a free field, and hence it would not enter the dynamics. However, the theory would loose genericity, since there would be no symmetry reasons for the coupling S J V J to be absent. Dropping the field from the theory, instead, while giving rise to the same low energy effective dynamics, keeps the UV theory generic.
The correspondence between the above deformations of the UV theory and the type of resulting generalized O'R models one gets at low energy, can be further clarified if one considers a configuration of parameters such that all couples (S K , V K ) which do not undergo any deformation are integrated out. This can be achieved taking the corresponding λ K couplings sufficiently large. The resulting theory in terms of the light fields is
• type I, if we perform only (a) modifications,
• type II (i.e. detN = 0), if we perform only (b) modifications, 4 If there is no irreducible representation in the C 2 block with this property, one can even consider reducible ones and proceed along the same lines. For instance when G = SU (F − 1), as we will discuss later, one takes r I = (F − 1) ⊕ (F − 1). When some r I is reducible, one should be careful to assign a different value of the λ coupling to any irreducible component, in order to ensure genericity.
• type III (i.e. detN = 0), if we perform both (on different, independent indices).
The first question one should worry about is whether these deformations preserve the supersymmetry breaking mechanism and/or they give rise to supersymmetric vacua. Both deformations may allow, in principle, for a non zero VEV for the corresponding mesonic fields, and supersymmetric vacua are restored whenever these VEVs can be arranged to solve the quantum constraint (2.2). Indeed, an analysis of the full set of the F-term equations reveals that
• Any modification of type (a) introduces a runaway supersymmetric vacuum at S 0 → ∞.
• Any modification of type (b) introduces a runaway supersymmetric vacuum at S 0 → 0.
In fact, a simple argument can be given for the location of runaways along the pseudomoduli space [29] , if one takes into account that R (S 0 ) = 2. In the case (a) the runaway is for V I → ∞ with R (V I ) = 1, and therefore
The upshot is that along the pseudomoduli space there will be a classically stable region together with other regions where instabilities emerge, in agreement with the general feature of O'R models with R-charges other than 0 or 2. Instabilities are expected in the region of large pseudomodulus in models with detM = 0 and detN = 0, and near the origin if detM = 0 and detN = 0. This matches with, respectively, the effect of deformation (a), which does not affect detM and gives runaways for S 0 → ∞, and deformation (b), which induces detM = 0 and gives runaways for S 0 → 0. A deformation of type (a) + (b) gives both runaways (though with respect to different mesonic directions). Notice that the runaways are found in the small V approximation, hence one has to solve the D-term equations along the putative runaway mesonic directions, in order to establish whether these are real runaways in the full theory or they lie at finite distance in field space.
In concrete examples, one has first to determine which region of the pseudomoduli space is classically stable. Then, one should see where (and if) supersymmetry breaking vacua are stabilized by quantum corrections, and finally check whether their lifetime is sufficiently long, as well as the extent to which Kähler corrections coming from gauge dynamics may influence the whole analysis.
Breaking the flavor symmetry
In this section we would like to put our strategy at work and consider some concrete examples in detail. We will choose a specific global symmetry breaking pattern (a group G), implement deformations of type (a) and/or (b) compatible with this choice, and look at the low energy effective theory, once the confining gauge dynamics has taken place. We start by analyzing the case where the surviving global symmetry group G is the SO(F ) subgroup of Sp(F ) specified by the embedding
This is possibly the simplest non-trivial choice one can make, but it is rich enough to let us address many of the issues outlined in the previous section. Moreover, it is a convenient first step for possible phenomenological applications, since one could easily embed a GUT group into SO(F ). In the second part of this section we will discuss other possibilities for G.
SO(F) flavor symmetry
Under the SO(F ) defined by the embedding (4.1) the S and V fields defined in eq.s (3.2) decompose according to
where S 1 , S 2 , V 1 and V 2 are antisymmetric tensors of SO(F ), S 3 , V 3 are traceless tensors, and we have chosen a basis in which
The Sp(F ) quadratic invariant is rewritten as
where traces on SO(F ) indices are understood, so that in the basis (V 1 , V 2 , V 3 ) we have
There are now two paths we can follow. This form of the C matrix allows one to consider either a type (a) or type (b) deformation on, say, the index 1 (equivalently the index 2, while being C 33 = 0, no deformations can be introduced for the index 3). In the former case we obtain the tree level superpotential
which is generic under the SO(F ) × U (1) R global symmetry, with R charge assignment
As specified in the previous section, we consider m 1 Λ. Moreover, since V 3 is forced to have 0 R-charge and cannot undergo any deformation, for simplicity we will take λ 3 λ 1,2 . This way, we can integrate out S 1 , S 3 , V 3 .
Solving the quantum constraint, at energies below the scale Λ one gets the effective superpotential
This is an O'R-like superpotential of the general form (1.1), with S 0 playing the role of the pseudomodulus. Collecting the other low energy fields in the vector
Hence, we end up with detM = 0, detN = 0 and R-charges other than 0 or 2, that is a type I model. At the classical level the pseudomodulus is locally stable in a finite region around the origin and there is a runaway for S 0 → ∞. A simple version of this superpotential with no flavor symmetry was studied in [4] .
It is perhaps more interesting to choose the other option. If we perform a type (b) deformation on the index 1, we obtain now the following superpotential
Under the same assumptions as before, we are now led to the effective superpotential 10) which is again of the form (1.1), but now we are left with one field less and the matrices M and N take the form
This is a model with detM = 0 and detN = 0, hence a type II model, with S 0 the pseudomodulus. This modified superpotential leads to runaway supersymmetric vacua at V 2 → ∞, S 0 → 0 and the pseudomoduli space is classically stable everywhere but in a neighborhood of the origin. An analysis of D-equations in terms of the original electric variables reveals that along the D-flat direction V 2 , an ADS superpotential is generated by the dynamics of the unbroken gauge group. Therefore, in this case the approximation of small V gives a result which is reliable even in the complete theory.
In summary, choosing G = SO(F ), we see one can construct models of both type I and II (the symmetry breaking pattern is too simple to allow for independent deformations of type (a) and (b) so, in order to get type III models one should look for less simple global symmetry breaking patterns). The question of the actual existence of the local supersymmetry breaking vacua and their lifetime can be addressed with a calculation of the Coleman-Weinberg potential, and by evaluating, possibly, the magnitude of uncalculable Kähler corrections around such minima. In the following we address these two issues in turn.
Loop corrections and the metastable vacuum
In what follows we would like to show that the model (4.10) develops a parametrically long lived, R-symmetry breaking metastable vacuum at one loop. One should compute the Coleman-Weinberg (CW) potential
along the pseudoflat direction, where B and F are the (mass) 2 matrices for bosons and fermions, respectively, and depend on the value of the pseudomodulus S 0 . Up to inessential overall group factors, our computation resemble a similar one done in [8, 30] .
As we have already noticed, some of the eigenvalues of the scalar mass matrix become zero at a certain value of the pseudomodulus VEV, X min , meaning that the pseudomoduli space is locally stable only for S 0 > X min . Below this value the system is classically driven toward the runaway configuration. Substituting the mass eigenvalues into (4.12) one finds
are the supersymmetry breaking scale and the scalar field VEV in units ofm
and we have made an expansion in the supersymmetry breaking parameter y (we will comment further on this point below and in the following subsection). A numerical analysis shows that a minimum for V CW exists at z ≈ 0.249 + O(y 2 ). However, as shown in figure 1 , in order for this to be an actual (local) minimum and not a saddle point one must impose y 10 −3 , (4.16) which is consistent with the small y approximation.
A rough estimate of the parametric dependence of the lifetime can be given by noticing that, keeping fixed the vacuum energy density f 2 , the barrier width scales like
where X * is the value of the pseudomodulus at the local minimum of the potential, and X f is the value at which the potential along the runaway direction becomes equal to f 2 , the energy density of the metastable vacuum. This indicates that the lifetime is parametrically long in the limit of small y.
Kähler corrections and calculability
The ITIY model, as well as any of the deformations we presented in section 3, is an instance of uncalculable DSB model. Therefore, one should worry whether Kähler potential corrections coming from gauge theory dynamics at scale Λ, could affect the low energy effective theory and spoil the quantum analysis performed above. Following the discussion of [28] , we want to estimate such corrections and compare them to the one loop effective potential contributions. If the latter are dominant, at least in some region of parameter space, then the calculation performed in terms of the low energy degrees of freedom is reliable and the metastable vacuum survives the embedding in the UV theory.
For definiteness, we keep on focusing on the example (4.10), but most of our considerations have wider applicability. Since we are interested in the quantum lifting of the tree-level pseudo-flat direction, we can restrict the Kähler potential to the pseudomoduli space, after the massive fields S 1 , S 3 and V 3 have been integrated out. First, notice that the holomorphic decoupling of such fields is expected to produce non-canonicity of the effective Kähler potential. However, these corrections are largely suppressed in the hierarchical regime 18) in which those fields can be integrated out. The Kähler potential for the remaining fields is constrained by the global symmetry to have the form (recall that we have chosen a point of maximal symmetry on the moduli space, which constrains the Kähler potential to be diagonal in the effective fields)
• the real function G is parametrizing our ignorance of the gauge loop corrections, and depends only on S 0 since we are restricting to the pseudomoduli space;
• the prefactor Λ 2 gives vanishing corrections in the classical limit Λ → 0;
• the combination hS 0 /Λ appears because the only way gauge interactions know of the singlet is through the tree level quark masses ∼ h S 0 .
This shows that the first corrections are of the form 20) giving a term in the effective potential of order
On the other hand, the CW contribution is of order ∼ m 4 where m is the typical mass of the light IR degrees of freedom entering the loops. In the present case, these masses are given bym 1 = λ 2 1 Λ 2 /2m 1 and h S 0 . Therefore, suppression of uncalculable corrections requires
which, in terms of dimensionless parameters (4.14), recalling the definitions (2.6), reads
Since the local minimum seats at z min 0.249+O(y 2 ) these inequalities are trivially satisfied in the limit of small y and h. It is amusing to notice that the limit of small y provides both a long lifetime and small Kähler corrections.
Let us recap the discussion above and take a closer look to the hierarchies we need, to let the theory having a safe local minimum. First, when giving a mass to the singlet S 1 , we have chosen m 1 Λ. This ensures that at low energy S 1 can be integrated out and the corresponding mesonic field V 1 gets a small massm 1 = λ 1 Λ 2 /2m 1 (we will always consider λ I < 1 so that all dynamically generated masses λ I Λ are below the dynamical scale). Then, for simplicity, we have chosen the field pair which is not modified, (S 3 , V 3 ), to be much heavier than the other pairs, and this can be accomplished by a larger value for the corresponding coupling, λ 3 λ 1,2 . As we have seen, the existence of a local minimum with a long lifetime and suppressed uncalculable corrections are both controlled by the smallness of one single parameter,
The requirement of small y forces a small value for √ λ 0 : for instance, if m 1 /Λ ∼ 10 then y 10 −3 implies √ λ 0 10 −1.25 λ 1 . Notice that as for any dynamical model, in this model both the supersymmetry breaking scale f = √ 2F λ 0 Λ 2 and the masses of the low energy O'R model λ I Λ are related to one and the same dynamical scale Λ. Therefore, it is not surprising that a (modest) tuning between dimensionless parameters is necessary to obtain metastable supersymmetry breaking. The limit of small y can indeed be simply reinterpreted as the limit of small vacuum energy with respect to the scale set by the masses, and, from the expressions of f itself, it is clear that this requires √ λ 0 to be small compared to all other λ's.
Other breaking patterns
While the class of models we discussed above is general enough to make our strategy manifest, it is clearly not the most general option one can think of. For instance, as we have already noticed, the possibility of making independent deformations of type (a) and (b) requires a more involved symmetry breaking pattern. Moreover, in view of phenomenological applications, having SU global symmetry groups, besides SO groups, might also be interesting. In what follows, we want to make a few comments on both these options. We will not discuss the vacuum structure in any detail, nor the dynamics around the supersymmetry breaking minima, but just limit ourselves to display the basic structure of the emerging low energy effective theories.
• SO(n) × SO(F − n)
The simplest step we can take beyond the SO(F ) models we analyzed before, is to consider the group G to be G = SO(n) × SO(F − n), with 1 < n < F . Under such G, the SO(F ) components of V and S defined in eqs.(3.2) decompose as follows 25) where W I and T I are n × (F − n) "bi-vectors" of the two SO factors. In the basis
the matrix C 2 takes the form
Clearly, there are now much more options for the modified theory: each off-diagonal twoby-two block can undergo deformations (a) or (b). Let us consider a possibility which was not available in the simpler case G = SO(F ), and make a deformation (a) for the first two blocks together with a deformation (b) for the last one. The starting point is therefore a generic tree level superpotential of the form
Just like in the simpler SO(F ) case, no deformations can be made for the I = 3 fields and, for simplicity, we choose the parameters so that these fields can be integrated out. Solving the quantum constraint and integrating out all other heavy fields, one finally gets the effective 29) which describes a model with detM, det N = 0, i.e. a type III model, in the terminology of [8] . Notice, in passing, that the number of light fields typically diminishes, the more deformations (a) and/or (b) one does. This might be a welcome feature for phenomenological applications.
• SU (F − 1)
Here we consider a particular breaking pattern leading to theories with an SU (F − 1) flavor symmetry. First we introduce the embedding in Sp(F )
The field content can be arranged in self-conjugate (reducible) representations in the following way
The ITIY superpotential in terms of these fields reads
Before introducing deformations this superpotential still has a full Sp(F − 1) × SU (2) global symmetry 5 where the Sp(F − 1) invariant product is specified as follows: for I = 1 it is the trivial multiplication, for I = 2 it corresponds to tr 2(F −1) J 2(F −1) S 2 J (F −1) V 2 , and for I = 3, 4 to S I T J 2(F −1) V I . The quadratic invariant is now
and from it we can read the matrix C
The only possible deformation involves the fields 3, 4 and it can be of type (a) or (b). This deformation breaks Sp(F − 1) × SU (2) → SU (F − 1) and forces the R-charge of V 3(4) to be 1(−1), whereas the other V fields remain uncharged.
In order to implement the deformation, we write in this case a quadratic term for S 3 which breaks Sp(F − 1) while preserving a SU (F − 1). The choice is unique (up to a multiplicative factor) and reads
Adding a large mass term of this form to the superpotential we obtain 
Conclusions
In this paper we have constructed DSB models which at low energy reduce to WZ models admitting supersymmetry breaking vacua where also the R-symmetry is spontaneously broken. Starting from well known generalizations of the ITIY model, we have proposed a precise pattern to modify the microscopic theory so to get at low energy models falling in all three classes of extraordinary gauge mediation [8] . In the second part of the paper we focused on a concrete (class of) example(s) and discussed in some detail the low energy effective theory both at classical and quantum level. Interestingly, the same window which allows for a long-lived metastable vacuum, makes the perturbative analysis of the effective theory reliable against corrections coming from Λ-dependent Kähler potential contributions.
Our results can be generalized in various ways. For one thing, one could consider ITIY models with SO(N ) or SU (N ) gauge groups, and see whether a general pattern like the one spell-out in section 3, still emerges. In principle, there's nothing special about Sp(N ). A second, more interesting thing to do would be to consider more general global symmetry breaking patterns, like those we commented upon in section 4.3. As we have seen, one could break the global Sp(F ) symmetry down to SO(F − n) × SO(n) or, more generally, to several SO factors. Or consider unitary global symmetry groups. This opens-up more possibilities to modify the tree level superpotential of the UV theory, and let one cover a larger class of hidden sector effective models, including genuine type III models.
On a more phenomenological side, our models are promising as direct gauge mediation models. Of course, when it comes to construct fully fledged phenomenological models, one should take care of many issues. For instance, in models of direct mediation a thing one should worry about are Landau poles. We do not see any major obstacle to envisage a breaking pattern with e.g. G = SO(F − n) × SO(n), weakly gauge the SO(n) GUT group (take for definiteness n = 10) and implement enough deformations of type (a) and/or (b) so not to have too many messengers around. Seemingly, one could consider to break the original global symmetry group to several unitary groups, e.g. G = SU (F − 1 − n) × SU (n) (take now n = 5). Notice that since the UV theory is non-chiral, all messengers would come into real representations so one should not worry about SU (5) gauge anomalies.
Our proposal seems flexible enough to let one cover a sizeable region of the parameter space of supersymmetry breaking models admitting a weakly coupled low energy description, whose phenomenology was discussed in [8] . On the other hand, our models are more constrained since low energy parameters depend on the UV physics, and only a more detailed analysis could tell how large this region can be. Here, we just want to emphasize one basic phenomenological potential outcome of the results of this work, which is to provide, in principle, complete models of direct gauge mediation with spontaneous R-symmetry breaking and unsuppressed gaugino mass.
